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Abstract
Ecological risk assessment (ERA) is a tool used by many
regulatory agencies to evaluate the impact to ecological
receptors from changes in environmental conditions.
Widespread use of ERAs began with the United States
Environmental Protection Agency’s Superfimd program to
assess the ecological impact from hazardous chemicals
released to the environment. Many state hazardous chemical
regulatory agencies have adopted the use of ERAs, and several
state regulato~ agencies are evaluating the use of ERAs to
assess ecological impacts from releases of petroleum and gas-
related products. Typical ERAs are toxicologically-based, use
conservative assumptions with respect to ecological receptor
exposure duration and frequency, often require complex
modeling of transport and exposure and are very labor
intensive. In an effort to streamline the ERA process, efforts
are currently underway to develop default soil screening
levels, to identi$ ecological screening criteria for excluding
sites from formal risk assessment, and to create risk-based
corrective action worksheets. This should help reduce the
time spent on ERAs, at least for some sites. Work is also
underway to incorporate bioavailability and spatial
considerations into ERAs. By evaluating the spatial nature of
contaminant releases with respect to the spatial context of the
ecosystem under consideration, more realistic ERAs with
respect to the actual impact to ecological receptors at the
population, community or ecosystem scale should be possible.
In addition, by considering the spatial context, it should be
possible to develop mitigation and monitoring efforts to more
appropriately address such sites within the context of an
ecological framework.

Introduction
Risk assessment is a valuable tool for land managers faced
with determining the potential for adverse environmental
effects from human activities. In a risk assessment, the

potential magnitude of an adverse effect, as well as the
probability that such an effect is likely to occur is assigned to
actions under consideration. Possible outcomes of an activity
can then be ranked based on the risk assessment results. This
provides managers with a basis to choose among alternatives
(such as whether or not to actively remediate chemical
contamination in the environment). Risk assessment has
become a primary component of environmental decision
making because of the recognition that (1) it is far too costly
to eliminate all potentially adverse environmental effects from
human activities, and (2) decisions must often be made in the
face of incomplete scientific datal. Risk assessment allows
site managers to balance the degree of risk with the cost of
reducing that risk.

The need to protect ecological properties in addition to
human health is generally accepted by most governmental
entities involved in contaminated site cleanup and restoration.
This has resulted in the use of ecological risk assessments
(ERAs) to evaluate the potential impact contaminants may
have on a site’s ecological receptors. The use of ecological
risk assessment has its roots in the United States
Environmental Protection Agency’s (EPA’s) program to
implement the Comprehensive Environmental Response,
Compensation and Liability Act (Superfund), which focuses
on cleaning up hazardous waste sites. Other EPA programs
implementing major environmental legislation (Clean Air Act,
Clean Water Act, Federal Insecticide/Fungicide and
Rodenticide Act, Solid Waste Disposal Act) also require EPA
to consider environmental impacts. As a consequence, the
EPA has produced a wide array of guidance documents
describing a variety of ERA methods2’3’4’5’6.

Thus, the EPA has become the primary “standard bearer”
for the use of ERAs. ERA methods developed by the EPA are
often adopted by state and local regulatory agencies. As a
consequence, managers and operators of upstream petroleum
exploration and production (E&P) facilities may find
themselves faced with interacting with state regulatory
agencies which are beginning to require more thorough
assessment of ecological impacts of inadvertent releases. It is
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therefore important to be aware of the types of ecological risk
assessments that are currently being done, directions in which
risk assessment techniques are evolving, and their
applicability to gas and petroleum exploration and production
facilities.

Ecological Risk Assessment Basics
ERAs follow a stepwise process from an initial evaluation
through a detailed investigation (Fig. 1). Through a site visit,
the general ecological setting is determined. A preliminary
analysis of the type and quantity of contamination is
conducted, as well as an analysis of potential ecological
exposure pathways (Fig. 2). Initial ecological assessment and
measurement endpoints are selected, and a preliminary
evaluation of available toxicological benchmarks is conducted.
A screening level risk calculation is then conducted. At this
point, a management decision is made concerning the need to
conduct additional analysis, site remediation, or no further
action.

Endpoint selection is key to the entire process. Endpoints
are characteristics of an ecological component that may be
affected by exposure to a stressor2. Assessment endpoints are
explicit expressions of the actual environmental value to be
protected. An assessment endpoint should:

● have societal relevance
● have biological or ecological relevance
● have an unambiguous operational definition
● be measurable or predictable
● be susceptible to the hazard
● be logically related to the decision under consideration
In general, plants and animals are not valued biologically

as individuals, and therefore assessment endpoint entities are
typically populations, communities, or ecological function.
The exception to this is federal or state-listed threatened or
endangered species. In this case, each individual is presumed
critical to the survival of the species. In addition to the
endpoint entity, an ecological assessment endpoint consists of
a property of that entity, such as abundance or production of a
population, or diversity of a community.

The actual mechanics of conducting an ERA can vary
greatly depending on the biological characteristics of the site,
the type, quantity and aerial extent of contamination, the
quality and quantity of data available, and the regulatory
framework within which the site is operating. Many of the
current developments on ERAs have been directed towards
simplifying the process and improving their biological and
ecological relevance.

Screening-level ERAs
In the early phases of an ERA, most assessors at most

sites will use a form of the Hazard Quotient method (HQ) to
conduct initial risk calculations, and possibly follow-up with
bioassays appropriate for the ecological receptors found at the
site. The HQ method involves modeling exposures to
ecological receptors expected to occur at the site and
comparing these results to toxicological benchmarks derived
from the published literature. For example, exposure for

vertebrate species could be modeled as total daily intake of
contaminant:

TDIi= Z C.~ ● 1,

Where TDI; = total daily intake of contaminant for
pathway i(mg/day), C.~= concentration of contaminant in
exposure media (mg/kg), 1, = daily intake rate of exposure
media (mg/day). Total daily exposure for pathway i is
estimated by dividing the TDIi by the animal body weight.
The exposure pathways usually considered are incidental soil
ingestion (through grooming, feeding, etc.) and ingestion of
contaminated food items (the concentration of which are
estimated using contaminant soil concentrations and
bioconcentration factors derived from the literature).
Depending on the contaminant and receptors involved, the
inhalation pathway may also be considered’] 0. Exposure
model assumptions are usually conservative, i.e. wildlife
species are assumed to reside 100°/0 of the time in
contaminated areas, and consume 100% contaminated food
items. Bioavailability of the contaminant is sometimes
assumed to be 10OO/O.The soil concentrations utilized in the
model are usually the maximum observed concentration for
the contaminant, or the upper 95’XOconfidence level. on the
mean concentration. For plants and soil invertebrates, soil
concentrations can be directly compared to toxicological
benchmarks.

Benchmarks are derived from toxicological data found in
the literature (Table 1). An attempt is made to locate
toxicological studies using closely related species that
measured effects of ecological relevance (such as
reproduction), with results reported as either the lowest
observable adverse effect concentration (LOAEC) or no
observable adverse effect concentration (NOAEC)8’]].
Toxicological benchmarks tend to be conservative estimates of
toxicity, because the bioavailability of the salts added to soil in
tests from which benchmarks are derived tends to be higher
than that of the chemical in field soils.

The Hazard Quotient is calculated by dividing the
estimated exposure by the benchmark (expressed in similar
units, usually in mg/kg+d for wildlife, and mg/kg for plants
and soil invertebrates). For vertebrate species, the HQ
represents a potential hazard to individuals of the species
under consideration. An HQ greater than one indicates a
potential for adverse effects. Should this be the case, site
managers may elect to perform additional evaluations, such as
conducting bioassays using contaminated soil from the site.
The bioassays typically used at this stage assess reproduction
and survivorship of earthworms in contaminated site soil, ]2’]3
as well as plant germination and survivorshop. 14 In addition,
an evaluation of the actual percentage of the vertebrate species
homerange that is contaminated may also be determined.
Should these evaluations also indicate a potential for adverse
impact, a decision is made determining the utility of
conducting additional detailed studies, or conducting some
form of remedial action.
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Tiered Approach
The ERA approach outlined in Fig. 1 is a step-wise

approach of increasing complexity, with management decision
points at each step. It has become convenient to think of each
step as a tier in the ERA, with each tier involving more
complex analysis. Many organizations have adopted this
concept explicitly into the formulation of ERAs ]5. The initial
tier is composed of a prelimina~ evaluation of pathways and
receptors. The next tier is a screening analysis, in which the
HQ method is often a component. Follow on tiers may
include bioassays and population studies.

Numerical Soil Quality Guidelines
Risk assessors at most contaminated sites conduct

screening analyses. The HQ method and other screening
analysis techniques represent a significant degree of effort.
Therefore, many countries are attempting to develop generic
numerical soil quality guidelines (N SQGS) that are
standardized ecotoxicological benchmarks. Variously called
soil-screening levels, soil quality guidelines and soil
protection values, they represent concentrations of
contaminants in the soil below which are generically
protective to ecological receptors (Table 2).

These guidelines differ with respect to land use and
ecological receptor considerations. Most European NSQGS
are a single value developed to protect all land uses, as the
parcels of land in most of Europe are expected to be multi-
functionally. The Canadian Council of Ministers of the
Environment (CCME) has developed soil quality guidelines
for specific land uses (agricultural, residential/parkland,
commercial and industrial). Soil microbes, soil invertebrates,
and plants are the ecological endpoint entities considered
(herbivorous mammals are also considered in the agricultural
land use scenario). Soil quality guidelines have been
developed for 20 substances17. The CCME has also released
Canada-wide standards for petroleum hydrocarbon (PHC)
fractions in soil’s. Standards are given for four fractions
(determined by normal straight-chain hydrocarbon length) in
two soil types (coarse-grained and fine-grained) for the four
land uses. The standards for ecological entities range from
130 mg/kg for the lightest fraction (C6 to C 10) in coarse-
grained surface soil in the agricultural and residential/
parkland land uses, to 10,000 mg/kg for the heaviest fraction
(C35+) in fine-grained subsurface soil for all land uses. The
American Petroleum Institute recommends a value of 10,000
mg/kg of total petroleum hydrocarbons in guidance on
managing waste in E&P operations ‘9.

The USEPA is in the process of developing NSQGS that
they term “ecological soil-screening levels” (SSLS) for 24
contaminants (Table 3). The approach being used by the
USEPA is to develop SSLS for plants, soil invertebrates, and
avian and mammalian wildlife, irrespective of land usezo.
Three representative avian species (herbivorous dove,
insectivorous woodcock, and carnivorous hawk) and three
representative mammalian species (herbivorous vole, ground-
dwelling insectivorous shrew and carnivorous weasel) were

selected. Because the SSLS are independent of land use, they
should only be used on sites where appropriate exposure
pathways were identified during the preliminary site
evaluation. To date, only 9 contaminants have completed
SSLS (Table 4). The draft SSLS, and the process used to
create them, are currently in revision, following peer review.

A hurdle to developing SSLS for toxicity of petroleum
hydrocarbons to vertebrates is the lack of knowledge about the
bioaccumulation of hydrocarbons by biota that constitute
components of the diet. The analysis of total petroleum
hydrocarbons in vegetation results in estimates of natural plant
hydrocarbon materials that are generally indistinguishable
from those accumulated from petroleum products in soil.
Thus, generic uptake factors or other models that could be
used in the derivation of vertebrate SSLS are not yet available.

The basis for all of these NSQGS is essentially the HQ
method, and thus the same conservative exposure assumptions
apply. Toxicological benchmarks for use in NSQGS range
from the 5’h percentile of the toxicity threshold and use of a
safety factor on toxicological data16; the 25th percentile of
available NOAEC, LOAEC, EC50 and LD50 data2]; the
geometric mean of the NOAEC/ LOAEC20; and the 10’h
percentile of the LOAEC] 1.

NSQGS are intended to be values below which it is
reasonably safe to conclude that ecological receptors will not
be adversely impacted. Thus, sites with soil contaminant
concentrations below these values do not need to conduct
additional tiers in the ecological assessment process.
However, sites that exceed these numbers are expected to
conduct additional evaluation. One particular problem with the
use of NSQGS is that many may be lower than local
background values. While most jurisdictions do not require
cleanup to below background, they usually require the site to
provide additional detailed information concerning site
background levels. Some jurisdictions have accommodated
modifying NSQGS with site-specific factors that may affect
bioavailability 16>20.However, it is likely many sites will be
required to conduct more detailed upper-tiered ERAs.

Most jurisdictions indicate that NSQGS are not to be used
as cleanup standards’7’20. However, for many small sites (< 5
ha) such as those typically found at E&P facilities and in
urban or industrial areas, it may not be cost-effective to
conduct site-specific assessments or to develop site-specific
remedial goals. Thus, NSQGS can become defacto cleanup
levels. We do not advocate this practice.

Non-chemical Screening Criteria
To help mitigate the economic impact of conducting

detailed ERAs on small sites, many states and organizations in
the U.S. are developing screening criteria to supplement
chemical toxicity benchmarks or SSLS to identify sites for
which an ERA is not needed22. Screening criteria are designed
to focus attention on sites that truly warrant a refined risk
assessment effort, and to avoid even starting the ERA process
for those sites where it is not appropriate. The use of
screening criteria is gaining particular currency with state
agencies that are responsible for contaminated sites that do not
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fall under one of EPA’s major programs. The use of screening
criteria in this case allows the state agency to determine if it is
necessary to consider the ERA path. In a similar vein, the
American Society of Testing and Materials (ASTM) currently
has a task group charged with developing eco-risk-based
correction action (RBCA) protocols and worksheets22.

A checklist format is sometimes used to assist the
screening process at a given site (Exhibit 1)23. Screening
criteria can allow for consideration of fate and transport
issues, scale of release, and the potential for population-level
impacts before entering the ERA process. Proximity criteria
may include criteria for proximity to surface water and ground
water, although numeric criteria are often not used.
Ecological significance criteria may include numeric criteria
for spatial extent of contamination, typically ranging from 1 to
2 acres (Washington, Texas, Louisiana, Pennsylvania and
Massachusetts) 22.

Spatial Considerations
One of the major challenges in both creating screening

criteria and making higher-tiered ERAs more ecologically
meaningful is the incorporation of spatial scale into ERAs.
The earlier tiers of ERAs, as well as most NSQGS, make the
assumption that all animal receptors reside 100°/0 of the time
within the contaminated area and consume only contaminated
food items. Additionally, only plant and soil invertebrates
within the immediate area of contamination are typically
considered. Conceptually, a proportionally small extent of
contamination within a habitat area results in less impact than
a proportionally large extent of contamination (Fig. 3). For
soil invertebrates, plants and small mammals (individuals of
which may reside 100’XOof the time in the contaminated area),
the direct mortality or other toxicological effect in the
immediate area of contamination may not have population
level impacts at the landscape scale. For larger, free-roaming
species, the area of contamination may be a small percentage
of the homerange. One way to approach this problem is to
estimate the percent of habitat impacted and percent of home
range used8’24’25.Another is for the assessor to randomly walk
individual vertebrates through a contaminated landscape to
forage2e. This is typically done in higher-tiered ERAs, and
probably not feasible for managers of many small-scale waste
sites.

Theoretically, it should be possible to construct size
criteria below which a contaminated patch of land would have
negligible impact on population and ecosystem-level receptors
in the area. This type of screening criteria would be
particularly useful for E&P sites, in which small spills and
small area impacts typically occur within the context of a
larger, intact habitat. The one-to-two acre state regulatory
criteria cited above are not based on population-level analysis
or landscape ecology. In practice, the use of landscape
ecological analysis to identify screening criteria is complicated
by the need to know the amount and quality of existing habitat
across the landscape, degree of fragmentation, sensitivity of
ecological receptors to habitat size and fragmentation, and
cumulative impact of multiple sites27’28’29’30. Besides

information on the homerange of expected or known species
(Fig. 4), the overall size of the existing habitat and expected
population density across the landscape needs to be
considered. By using specific E&P sites as case studies (Fig.
5), we are evaluating the impact of site-size on populations.
We hope to provide information on size criteria within certain
operating constraints, such as the distribution of contaminated
patches within the larger landscape.

An additional tool for developing screening criteria and
potentially decreasing the sampling effort required for an
ecological risk assessment is the use of remotely sensed
imagery. Hyperspectral data taken from aircraft, for example,
may be used to delineate boundaries of oil andlor brine spills,
to identify vegetation types, to identify stressed vegetation,
and/or to attribute effects on vegetation to particular stressors
(David Reister and Arthur Stewart, Oak Ridge National
Laborato~, personal communication Dec. 2000).

Bioavailability
Bioavailability is also most typically considered in higher

tiers of an ERA. Bioavailability of a contaminant may be
limited due to sorptionldesorption and other aging processes in
the soil. Contaminants may be irreversibly sorbed onto clay or
into organic matter31 ’32. As contaminants weather, many
become less available (Fig. 6)31’32>33’34’35.However, analytical
techniques used at most sites measure total contaminant
concentrations using very stringent extraction procedures and
therefore the results are not representative of contaminants in
the biologically-available fraction. Extraction procedures are
being developed to mimic bioavailability. These include soil
pore water extractions, extractions of the labile pool using salt
solutions, and less stringent solvent extractions34’3 5’3e’”37.But
even with the development of new extraction techniques, since
most benchmarks and NSQGS are based on total contaminant
concentrations, use of these new techniques will continue to
be limited to higher tiers of the ERA. The true value of
analytically determining the bioavailable fraction of
contaminants will only be realized once a substantial body of
data relating the biological fraction concentration to a
toxicological effect is available.

Because most toxicological benchmarks are derived from
tests of freshly contaminated soil, the risk assessor must be
aware that they represent conservative estimates of toxicity.
In refined risk assessments, toxicological benchmark
concentrations are considered in the context of soil
characteristics, such as organic matter and pH. However, the
primary methods to incorporate measures of bioavailability are
1) to conduct bioassays on site-specific soil samples, 2) to
conduct biological surveys at the site, and 3) to measure tissue
concentrations of chemicals in biota that may be related to
toxicity.

Summary
The consideration of ecological receptors in site risk

assessments in now considered as a matter of course. While
comparing estimated exposures to toxicological benchmarks
and conducting bioassays remain frequently used tools, new



SPE 68319 CURRENT DIRECTIONS IN ECOLOGICAL RISK ASSESSMENT 5

methods are on the horizon. These include the use of
numerical soil quality guidelines, checklists and screening
criteria, and the incorporation of the concept of bioavailability
into ERAs. The need to make ERAs more applicable to
ecological populations and communities is a high priority, and
includes consideration of spatial distribution of ecological
receptors and spill sites across the landscape.
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Table 1. Example toxicological data on effects of petroleum hydrocarbons to ecological receptors
(summarized ffom Ref. 39).

Material Test species Test endpoint Toxicological result

Kuwait crude oil mallard reproduction 10,000 mg/kg*d NOA.EL

North slope crude oil ferret Mortality, >5000 mg/’kg*d NOAEL
histopathology

Heavy crude oat 0/0germination 14,000 mg/kg soil EC

NO~L = no observable adverse effect concentration
EC = effect concentration

Table 2. Numerical Soil Quality Guidelines for selected countnes.zo

mg/kg soil
protects all land uses

Country Lead Cadmium Copper Zinc Nickel Chromium Mercury
Denmark 40 0.3 30 100 10 50 0.1

Swedena 30-60 — — . — — 0.2- 0.3

Finland 38 0.3 32 90 40 80 0.2

Netherlands 85 0.8 36 140 35 100 0.3

Germanya 40-100 0.4-1.5 20-60 60-200 15-70 30-100 0.1-1.0

Switzerland 50 0.8 50 200 50 75 0.8

Czech 70 0.4 70 150 60 130 0.4
Republic

Eastern 32 2 55 100 85 90 2.1
Europe

Ireland 50 1.0 50 150 30 100 1.0

Canada 25 0.5 30 50 20 20 0.1

a lower number for sand, higher number for clay soils
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Table3. Substances forwhich the USEPAis developing soil screening levels (summarized from Ref.2O)

Or~anics

Dieldrin

Total Polychlonnated Biphenyk (PCBS)

Hexahydro-1 ,3,5-trinitro-l ,3,5 -triazine (RDX)

Trinitrotoluene (TNT)

1,1,1-Trichloro-2,2 -bis (p-chlorophenyl) ethane (DDT)

Pentachlorophenol (PCP)

Polycyclic Aromatic Hydrocarbons (PAHs)

Metals

Aluminum Chromium

Antimony Cobalt

Arsenic Copper

Barium Iron

Beryllium Lead

Cadmium Manganese

Selenium

Silver

Vanadium

Zinc

Table 4. Soil screening levels (SSLS) that have been proposed by the USEPA (summarized from Ref. 20).

mdk~ drv weight of soil

Soil invertebrates Avian Mammalian
Substance Plants wildlife wildlife
Antimony Pending NA NA 21

Arsenic 37 Pending Pending Pending

Cadmium 29 110 Pending Pending

Chromium 5 Pending 21 (111) 360 (III)
NA (VI) 330 (VI)

Cobalt Pending NA 32 340

Copper Pending 61 Pending Pending

Dieldnn Pending Pending 0.011 0.015

RDx Pending Pending NA 5.8

Zinc 190 120 Pending Pending

NA = not available. Insufficient data available to develop SSL.
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STEP 1: SCREENING LEVEL:

n

Risk Assessor and
● Site Visit

+ Risk Manager
● Problem Formulation

Agreement
● Toxicity Evaluation

STEP 2: SCREENING LEVEL:

● Exposure Estimate

● Risk Calculation 1-&

+

STEP 3: PROBLEM FORMULATION

v~+

Questions/Hypotheses

STEP 4: STUDY DESIGN AND
DATA QUALITY OBJECTIVE PROCESS

● Lines of Evidence

● Measurement Endpoints

I

Work Plan and Sampling and Analysis Plan I

STEP 5: VERIFICAHON OF FIELD
SAMPLING DESIGN ●B

I ●
STEP 6: SITE INVESTIGA~ON AND

DATAANALYSIS
----* s~p

I STEP 7: RISK CHARACTERIZATION I
STEP 8: RISK MANAGEMENT

‘m

SMDP = Scientific Management Decision Point

Figure 1. The eight-step process recommended by the U.S. EPA in Ecological Risk Assessment Guidance for Superfund
(figure fkom Ref. 20).
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Figure 2. Potential ecological exposure pathways.
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a)

b)

Figure 3. Relationship between site size and home range, a) relationship between trophic level and home range, b) impact of a single
proportionally large site, c) impact of a. single proportionally small site, and d) impact of several proportionally small sites.
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Figure 4. Home ranges depend on sex, body size, and
trophic level.
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Figure 6. Percentage of total naphthalene desorbed
during one month of extraction after preliminary aging in
peat (39% soil organic matter) and a sandy loam soil
(2.35% soil organic matter, 7% clay, 30% silt) after
different aging periods (graph created from Ref. 34). PH
6.7,20 pg/g naphthalene applied.

Figure 5. Tall Grass Prairie Preserve study site.
Exploration and Production wells are located in
the preserve, and have resulted in localized
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Exhibit 1. Parts II and III of the Texas Natural Resources Conservation Commission (TNRCC)
exclusion criteria checklist (taken from ref. 23)

PART II. Exclusion Criteria and Supportive Information

Subpart A. Surface Water/Sediment Exposure

1) Regarding the affected property where a response action is being pursued under the TRRP, have COCS migrated and resulted
in a release or imminent threat of release to either surface waters or to their associated sediments via surface water runoff, air
deposition, groundwater seepage, etc.? Exclude wastewater treatment facilities and stormwater conveyances/impoundments
authorized by permit. Also exclude conveyances, decorative ponds, and those portions of process facilities which are:

a. Not in contact with surface waters in the State or other surface waters which are ultimately in contact with
surface waters in the State; ~

b. Not consistently or routinely utilized as valuable habitat for natural communities including birds, mammals,
reptiles, etc.

•l Yes ❑ No

Explain:

If the answer is Yes to Subpart A above, the affected property does not meet the exclusion criteria. However, complete the
remainder of Part II to determine if there is a complete and/or significant soil exposure pathway, then complete PART III -
Qualitative Summary and Certification . If the answer is No, go to Subpart B.

Subpart B. Affected Property Setting

[n answering “Yes” to the following question, it is understood that the affected property is not attractive to wildlife or livestock,
including threatened or endangered species (i.e., the affected property does not serve as valuable habitat, foraging area, or refuge for
ecological communities). (May require consultation with wildlife management agencies.)

1) Is the affected property wholly contained within contiguous land characterized by: pavement, buildings, landscaped area,
functioning cap, roadways, equipment storage area, manufacturing or process area, other surface cover or structure, or
otherwise disturbed ground?

❑ Yes O No

Explain:

If the answer to Subpart B above is Yes, the affected property meets the exclusion criteria, assuming the answer to Subpart A
was No. Skip Subparts C and D and complete PART III - Qualitative Summary and Certification. If the answer to Subpart B
above is No, go to Subpart C.

Subpart C. Soil Exposure

1) Are COCS which are in the soil of the affected property solely below the first 5 feet beneath ground surface or does the
affected property have a physical barrier present to prevent exposure of receptors to COCS in surface soil?

Cl Yes ❑ No

Explain:
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Exhibit 1 continued

If the answer to Subpart C above is Yes, the affected property meets the exclusion criteria, assuming the answer to Subpart A

was No. Skip Subpart D and complete PART III - Qualitative Summary and Certification. If the answer to Subpart C above
is No, proceed to Subpart D.

Subpart D. De Yfinimus Land Area

In answering “Yes” to the question below, it is understood that all of the following conditions apply:

.:+ The affected property is not known to serve as habitat, foraging area, or refuge to threatenecUendangered or otherwise
protected species. (Will likely require consultation with wildlife management agencies.)

.:. Similar but unimpacted habitat exists within a half-mile radius.
●:. The affected property is not known to be located within one-quarter mile of sensitive environmental areas (e.g., rookeries,

wildlife management areas, preserves). (Will likely require consultation with wildlife management agencies.)
+:. There is no reason to suspect that the COCS associated with the affected property will migrate such that the affected property

will become larger than one acre.

1) Using human health protective concentration levels as a basis to determine the extent of the COCS, does the affected property
consist of one acre or less @ does it meet all of the conditions above?

O Yes ❑ No

Explain how conditions are methot met:

[f the answer to Subpart D above is Yes, then no further ecological evaluation is needed at this affected property, assuming
the answer to Subpart A was No. Complete PART III - Qualitative Summary and Certification. If the answer to Subpart D
above is No, proceed to Tier 2 or 3 or comparable ERA.

PART III. Qualitative Summary and Certification (Complete in all cases.)

Attach a brief statement (not to exceed 1 page) summarizing the information you have provided in this form. This summary should
include sufficient information to veri~ that the affected property meets or does not meet the exclusion criteria. The person should
make the initial decision regarding the need for further ecological evaluation (i.e., Tier 2 or 3) based upon the results of this checklist.
After review, TNRCC will make a final determination on the need for further assessment. Note that the person has the continuing
obligation to re-enter the ERA process if changing circumstances result in the affected property not meeting the Tier 1
exclusion criteria.

Completed by: (Typed/Printed Name)

(Title)

(Date)

I believe that the information submitted is true, accurate, and complete, to the best of my knowledge.

(Typed/Printed Name of Person)

(Title of Person)

(Signature of Person)

(Date Signe~




